INTRODUCTION
The concept of metabolic syndrome (MetS) was proposed to identify populations at high risk for vascular diseases and diabetes. [1] [2] [3] MetS is prevalent worldwide, 1 4-6 and its prevalence is increasing. 1 6 7 Evidence linking
Strengths and limitations of this study
▪ The effectiveness of low-intensity interventions, which can be easily implemented in various healthcare settings, has rarely been evaluated. ▪ The effectiveness of intervention programmes for metabolic syndrome based on population screening has seldom been examined. ▪ The intervention effects were retrospectively assessed by regression discontinuity design (a quasi-experimental design) using analysis of covariance models and the stabilised inverse probability of the treatment weighting method using the propensity score. ▪ Small improvements by the intervention programme could be detected due to the large number of participants. ▪ Since the interval between the intervention and the follow-up examination was less than 1 year, the effects after one or more years of lowintensity counselling should be investigated through further research.
MetS with cardiovascular diseases, 8 9 diabetes 8 and cancers 10 has continued to grow. Screening people with MetS, and intervening with lifestyle or pharmacological interventions could be a cost-effective health policy for reducing the burden of diabetes and vascular diseases. 11 However, the effectiveness of intervention programmes after population screening for MetS has rarely been evaluated. Intensive interventions could be effective in clinically diagnosed patients, 12 -14 yet intensive programmes are generally too demanding to implement in people with diseases detected at screening. 15 16 Low-intensity interventions (≤30 min of provider contact) could be easy to implement in various settings; therefore, lowintensity interventions should be further evaluated. 16 The National Health Insurance Service (NHIS) in Korea provides mandatory universal health insurance that covers 97% of the population; low-income households are further supported by Medical Aid. 17 The NHIS has provided regular health screening examinations for beneficiaries since 1980. Pending the development and implementation of an evidence-based, cost-effective intervention programme for people with disease detected at health examinations, the NHIS initiated the MetS Management Programme in 2012, which provides a maximum of three counselling sessions within 6 months mainly on lifestyle modification.
The purpose of this study was to evaluate the effectiveness of this low-intensity telephone-counselling programme implemented by the NHIS. A regression discontinuity design was applied to examine the intervention effects on intermediate outcomes such as cardiometabolic parameters and weight loss in screen-detected individuals with MetS components. When randomisation is impossible and interventions should be given to those in need, the regression discontinuity design, if properly conducted, can provide a valuable evidence base for intervention effects. [18] [19] [20] [21] [22] [23] 
METHODS

Participant enrolment for the MetS Management
Programme managed by the NHIS All those insured through employment and those insured as self-employed or contractors of all ages, and their dependants aged 40 years or older may be enrolled for regular annual (mainly for blue-collar workers) or biennial health screening examinations at a local hospital. The NHIS has been selecting participants for the MetS Management Programme who have at least one of the components of MetS every month since January 2012 based on recent health examinations reported the previous month by local hospitals (figure 1). MetS was defined by the NHIS criteria, which adopted the criteria published by the National Cholesterol Education Programme (NCEP) 1 using the recommended cut-off for waist circumference in Koreans 24 and additional body mass index (BMI) criteria as follows: 1. Abdominal obesity, a waist circumference ≥90 cm in men and ≥85 cm in women or a BMI ≥25 kg/m 
Low-intensity interventions in the NHIS MetS Management Programme
All enrollees received a leaflet explaining MetS and a letter notifying them of any elevated components of MetS. Additionally, a contact telephone number for participant support services was included (figure 1). Screened participants with MetS were labelled as the high-risk group and were referred for additional services; people without MetS were labelled as the low-risk group and were invited to contact their local NHIS office to request additional services. Approximately 300 trained personnel at the NHIS office contacted the high-risk group directly. Contacted individuals who agreed to participate in telephone counselling received a maximum of three personalised counselling sessions within 6 months. In the counselling session, goals for reducing elevated components of MetS were discussed by suggesting lifestyle modification, informing them of available resources, and advising them to contact their physician, when appropriate. Additionally, a booklet explaining self-management guidelines and a short message were sent by mobile phone twice per month for 6 months with the participants' consent. Participants were counselled during the day at regular business hours. The first telephone counselling session took an average of 7.8 min, while the second and third counselling sessions took an average of 5.8 min and 5.5 min, respectively, according to a selfreported survey of all counselling personnel recorded in September 2013.
43% of all health counsellors in September 2013 were administrative staff, while 57% were health/medical staff (57%) who were nationally licensed or certified as a registered nurse, social worker, dietitian or health educator. Before counselling participants, they received training on counselling methods such as communication skills, how to interpret the health examination results, the management of MetS, methods of weight reduction and diet modification, and physical activity guidelines through a minimum of a 24 h face-to-face group session and twenty 20 min online modules (400 total minutes). Counsellors also received refresher trainings lasting approximately 16 h/year.
Study participants
In 2012, 5 378 558 beneficiaries who had at least one component of MetS detected at health screening and had not been treated for diabetes or hypertension in the past 12 months were enrolled in the NHIS MetS Management Programme. Of these, 3 958 652 and 1 419 906 participants were categorised as low risk and high risk, respectively (figure 2). In the high-risk group, 206 437 enrollees (14.5%) participated in the counselling programme several months after the baseline examinations.
Among all those who underwent follow-up examinations the year after their baseline examination until June 2013, 855 870 enrollees and 291 825 enrollees in the low-risk and high-risk groups, respectively, were recruited for this study. Those in the low-risk group were considered the control group, and those in the high-risk group were considered eligible for counselling (eligible group). Of the eligible group, 23 968 participated in counselling at least once before follow-up examinations, and they were classified as the intervention group. Although the participation rate for follow-up examinations in individuals who received telephone counselling (n=206 437, 'counselling participants') was low, the participation rate for follow-up examinations was not different for counselling participants versus nonparticipants, after adjustment for the beneficiary status.
Ethics statement
This study is a retrospective analysis using data from two public health services, the Health Examination and Metabolic Syndrome Management Programme, implemented by a government agency (NHIS) of Korea. These public health services are planned and operated in compliance with the Framework Act on Health Examination, the Framework Act on Health Promotion and the National Health Insurance Act of Korea. Services for the high-risk group in the Metabolic Syndrome Management Programme are provided with verbal consent, which is obtained when they are contacted by a health counsellor by phone. All data with personally identifiable information are collected and maintained by the NHIS according to several Korean laws. Data were anonymised for the analysis and provided to the authors by the NHIS. Data were only available through a specific computer within the NHIS headquarters. Ethics approval was sought for analysis of the anonymised data and was approved by the Institutional Review Board of Kwandong University.
Data collection of health screening examinations
Annual health examinations were administered at local hospitals for all eligible beneficiaries of the NHIS. Weight and height were measured to the nearest 1 kg or 1 cm, respectively, while examinees wore light clothing without shoes. Waist circumference was measured at the midpoint between the lowest rib margin and iliac crest at the midaxillary line to the nearest 1 cm. BMI (kg/m 2 ) was calculated as weight (kg) divided by height (m) squared. Blood pressure was measured after at least a 5 min rest while examinees were seated. If the first collected blood pressure reading was ≥120/80 mm Hg, a second measurement was taken after at least two additional minutes of rest and only this measurement was recorded. Blood samples were obtained after at least an 8 h fast for biochemical analyses including triglyceride (mg/dL), fasting glucose (mg/dL) and HDL cholesterol (mg/dL) levels.
In addition, participants self-reported health behaviours such as smoking, drinking and physical activity through a questionnaire. Physicians also assessed the enrollees' health status and health behaviours at the health screening. Further details about this health screening are available elsewhere. 25 
Outcome measures
The outcomes in this study were the absolute value of change for each component of MetS, for body weight, and for BMI from baseline. In addition, the data were analysed for changes in the number of MetS components and the prevalence of MetS from baseline. The prevalence of MetS was defined by the NHIS criteria as well as the modified NCEP criteria, 1 which applied the Korean waist circumference cut-off. 24 Covariates Sociodemographic covariates were collected from the beneficiary database and included age at baseline, gender, the beneficiary status (employee, self-employed, dependant of an employee, dependant of a selfemployed person) and health insurance premium (vigintile; 5th or below, 6th-10th, 11th-15th, 16th or above). The beneficiary status and health insurance premium were included as indicators of socioeconomic status. The health behaviors of smoking, drinking and physical inactivity of enrollees were assessed by the attending physician who interviewed them at health examinations, and included as covariates. These data were collected as 'yes' or 'no' according to whether there was a need for improvement. Since the interval between baseline and follow-up measures was not the same for each participant, it was included as another covariate. 19 In addition, the baseline measurements of the number of prevalent components of MetS, the value of each component, body weight and BMI were considered covariates in our analysis. For all of the variables, 0.02% or below of the values were missing except for beneficiary status (795, 0.07%) and those with missing values were excluded from the relevant analyses.
Statistical analysis χ
2 Tests and one-way analysis of variance (ANOVA) were performed to compare differences between groups. The McNemar and paired t tests were performed to analyse within-group changes in values from baseline. Participants were assigned to the eligible group based on the number of MetS components (the assignment variable) independently of covariates; therefore, multiple regression analyses were applied using baseline measurements (that were related to the assignment variable) and other variables as covariates (analysis of covariance (ANCOVA) models). 23 26-28 The model in this analysis is as follows:
where Y ij is the follow-up examination value of the outcome variable of person i in group j (eg, j=1 for the control group, j=2 for the intervention group); G ij is an intervention indicator (G i1 =0 for the control group, G i2 =1for the intervention group); X ij C1 ,…, and X ij Ck are the covariates including the assignment variable (the number of MetS components) and initial examination values of the outcome variable; and e ij is normally distributed with a zero mean and constant variance. Difference in the mean value of outcome variables at the cut-off point (the number of MetS components=3) between intervention groups, namely β 1 , is the effect of the intervention. More details about regression discontinuity designs, including their basic concept and applications, can be found elsewhere. 18 20-23 29 In this study, the control group was compared with both the eligible and intervention groups. Comparison between the eligible and control groups may be considered an intention-to-treat analysis, or rather an observational study without intervention since only 8.2% of the eligible group received counselling. When analysing changes in the value of each component of MetS, analyses in people having certain MetS components were additionally performed (for instance, analysis of systolic BP was performed in those with a BP component (n=552 988), namely, BP ≥130/85 mm Hg). Furthermore, interaction between intervention and severity of MetS was assessed using the linear interaction term between the assignment variable and the intervention as a covariate.
For sensitivity analysis, the effects of the NHIS lowintensity intervention was estimated using propensity score weighting methods with a robust variance estimator 30 among participants with MetS (the intervention group (n=23 968) versus 'the propensity control group' (n=267 857)) and with three components of MetS (the intervention group (n=12 796) versus the propensity control group (n=187 433)). The stabilised inverse probability of treatment weighting (stabilised IPTW) 31 and standardised mortality ratio weighting (SMRW) 32 using the propensity score were used. A propensity score was estimated using a logistic regression model in which the intervention status was regressed on all variables in the main analysis. Each continuous variable was modelled using restricted cubic splines with five knots. 30 33 Two-sided p values were calculated and the statistical significance level was set at 0.05. All statistical analyses were performed using SAS V.9.2 (SAS Institute, Cary, North Carolina, USA).
RESULTS
General characteristics
The eligible group tended to be older, male, current smokers, current drinkers and physically inactive as well as having a higher insurance premium (higher income) than the control group (table 1). The intervention group was 7.7 years older than the control group and had more males, fewer employees and a lower premium (less income) than the control group. All differences between variables were statistically significant ( p<0.001 for all) for the eligible group versus the control group and the intervention group versus the control group. *Total enrollees consisted of the control and eligible groups. The intervention group was a subset of the eligible group which participated in the counselling programme several months after baseline examinations. †χ 2 Test between the eligible and control groups. ‡χ 2 Test between the intervention and control groups. §One-way analysis of variance between the eligible and control groups. ¶One-way analysis of variance between the intervention and control groups. **Premium vigintile of a dependant of a self-employed (or an employee) was based on that of their insured (a self-employed or an employee). Premium vigintile was calculated based on data from all citizens insured by the National Health Insurance Service in Korea, but not from the study participants. † †These variables are not smoking, drinking, and physical inactivity status per se answered by each enrollee, rather than an assessment by the attending physicians on the need for improvement of each variable for an enrollee. The attending physicians at health examination made an assessment whether there is a need for improvement in smoking, drinking, and physical inactivity status in each enrollee, based on examinees' answers to the questionnaire and personal interview.
Absolute changes in the values and the number of MetS components from baseline The value of each component and the total number of components of MetS at baseline were significantly higher in the eligible group and intervention group than those in the control group (table 2) . Within-group changes from baseline in all variables were statistically significant. Changes in the eligible and intervention groups seemed to be more clinically meaningful than changes observed in the control group (table 2) . Waist circumference, weight and BMI changed less than 1% from baseline in the eligible and intervention groups.
Change in the prevalence of MetS and MetS components
The eligible and intervention groups had a higher prevalence of MetS than did the control group at both baseline and follow-up (see online supplementary table S1). However, using the NHIS criteria, MetS was newly detected in 15.3% of those in the control group at follow-up examinations and reductions of 42.4% and 36.9% of MetS were observed in the eligible and intervention groups, respectively. When individuals with MetS by the modified NCEP criteria were analysed, a 49.1% (105 522/214 833) and 44.1% (8805/19 969) reduction in the prevalence of MetS was observed in the eligible and intervention groups, respectively. The prevalence of MetS was significantly increased from baseline in the control group. However, the prevalence of MetS was significantly decreased in the eligible and intervention groups (see online supplementary table S1).
Multiple regression analysis using ANCOVA models All of the values of each MetS component, except fasting glucose and HDL cholesterol and the number of prevalent MetS components modestly but statistically significantly improved from baseline in the intervention group compared to the control group (table 3) . However, in the eligible group, only systolic BP was modestly improved.
In a comparison of the intervention and control groups, when the analysis was restricted to only those with a given component of MetS at baseline, systolic BP, diastolic BP, triglyceride and HDL cholesterol levels improved the most, while waist circumference, weight and BMI did not change as much as when the analysis included all enrollees (table 3). The additive treatment effects at the cut-off point of three MetS components were similar with or without a linear interaction term (the assignment variable and the intervention; see online supplementary figure S1, table 3) in the eligible and intervention groups compared to the control group. The linear interaction effects of counselling and the assignment variable were not significant for HDL cholesterol, weight and BMI in the intervention group (see online supplementary figure S1).
Sensitivity analysis using a propensity score method Among all participants with MetS, all of the values of each MetS component, except HDL cholesterol, modestly but statistically significantly improved from baseline in the intervention group compared to the propensity control group, in the results from the stabilised IPTW method. Among participants with three MetS components, intervention effects estimated from both stabilised IPTW and SMRW methods were also generally similar to the main analysis (see online supplementary table S2).
DISCUSSION
Participants in this low-intensity intervention programme showed modest improvements 1 year after baseline examinations for blood pressure, triglyceride, weight, BMI and the number of MetS components in patients with untreated MetS detected by population screening.
Potential mechanism of improvement
Changes to participants' lifestyle could partly account for the observed improvements. 3 34 Participating in the counselling intervention was associated with a decreased prevalence of self-reported current smoking (OR=0.91, 95% CI 0.86 to 0.95), current drinking (at least once per week; OR=0.92, 95% CI 0.88 to 0.96) and physical inactivity (not walking at least 30 min per day at least 1 day a week for at least 10 min each time; OR=0.91, 95% CI 0.88 to 0.94) at follow-up examinations. However, counselling assignment per se was not associated with a reduction in the prevalence of current smoking (OR 1.0043), current drinking (OR 1.0039) or physical inactivity (OR 0.9951) when the eligible group was compared with the control group..
In addition to lifestyle changes, increased use of medical services could also explain the observed improvements to blood pressure and lipid profiles after participating in the low-intensity programme. 34 35 In another NHIS telephone counselling programme for diabetes and hypertension, participants (n=42 356) had visited a medical clinic (including ambulatory visits and hospital stays) 1.4 days more throughout 1 year after their first telephone consultation than the control group (n=178 543). The mixed results on fasting glucose (in the main analysis and the sensitivity analysis) might be due to the relative ineffectiveness of pharmacological management for this condition. For example, evidence on the effectiveness of hypoglycaemic agents has been less than compelling; 36 37 on the other hand, drugs for lowering blood pressure 38 and triglyceride 39 levels have been shown to be more effective.
Methodological considerations
Although the non-randomised design of this study could be viewed as a significant limitation, when properly implemented, the regression discontinuity design can provide an unbiased estimation of the intervention effects with a slightly lower statistical power than that of a randomised design. 18 21-23 29 However, the chance of a low statistical power was not a concern in our study because of the large study population. The basic assumption that participants were assigned to the intervention group according to the MetS status was rarely violated; only 0.2% of the control group requested counselling, and regardless of participation in the counselling, all participants with two or less MetS components were placed in the control group. Choice of the p Values, which were calculated by one-way analysis of variance between the eligible and control groups, and between the intervention and control groups, were all <0.001 for all outcome variables. *The intervention group was a subset of the eligible group which participated in the counselling programme. †NHIS criteria applied the NCEP criteria 1 with the Korean waist circumference cut-off and BMI. (Abdominal obesity as a waist circumference of ≥90 cm in men and ≥85 cm in women or a BMI ≥25 kg/m 2 ). ‡Paired t test of within-group change from baseline. §NCEP criteria 1 with the Korean waist circumference cut-off (abdominal obesity as a waist circumference of ≥90 cm in men and ≥85 cm in women). BMI, body mass index; HDL, high-density lipoprotein; MetS, metabolic syndrome; NCEP, National Cholesterol Education Programme of the USA; NHIS, the National Health Insurance Service of Korea.
correct functional form between the assignment variable and the outcome is crucial to maintain validity in a regression discontinuity design. 22 23 29 In this study, the functional form was modelled as a linear function because of its simplicity in interpreting the results, and the adjusted R 2 value did not increase when polynomial terms of the assignment variable were added to the model. 18 23 The estimated function between the eligible and control groups could serve as a reference when evaluating the discontinuity of the function estimated between the intervention and control groups. 23 For example, intervention effects in the eligible group compared to the control group were close to 0 (in case of OR, 1.0), and were mostly insignificant when participants with a relevant MetS component for outcome were analysed. Therefore, we could assume that the estimated intervention effects from the selected functional form in this study did not substantially deviate from the true effects.
The overall participation rate for follow-up examinations was low (21.3% of 5 378 558) because the majority of participants were not eligible for an annual examination and should not have been included in the study population in the first place, if beneficiary data could have identified them. Therefore, low participation in the follow-up examination is unlikely to introduce a bias. Furthermore, the participation rates for follow-up examinations were the same between groups after adjustment for the beneficiary status using the Cochran-MantelHanzel test. For example, the participation rate for follow-up examinations were not different for counselling participants versus non-participants with ≥3 MetS components (n=1 213 469) ( p=0.50) or for counselling participants versus all non-participants (n=5 172 121) ( p=0.34). †The intervention group was a subset of the eligible group which participated in the counselling programme. ‡Negative values mean that the outcome variable is decreased more from the baseline in the intervention group (or eligible group) than in the control group.
§NHIS criteria applied the NCEP criteria 1 with the Korean waist circumference cut-off and BMI (abdominal obesity as a waist circumference of ≥90 cm in men and ≥85 cm in women or a BMI ≥25 kg/m 2 in both sexes). ¶NCEP criteria 1 with the Korean waist circumference cut-off (abdominal obesity as a waist circumference of ≥90 cm in men and ≥85 cm in women). **For example, analysis of systolic BP was restricted to those having elevated BP components at baseline, namely those having systolic BP ≥130 or diastolic BP ≥85 mm Hg. ANCOVA, analysis of covariance; BMI, body mass index; BP, blood pressure; HDL, high-density lipoprotein; MetS, metabolic syndrome; NCEP, National Cholesterol Education Programme of USA; NHIS, the National Health Insurance Service of Korea.
Participant bias may have affected this study. For example, the intervention group tended to have a more severe value of MetS components than did the eligible group at baseline. However, intervention effects would have been underestimated rather than overstated in this study, if people with truly more severe MetS had participated in the counselling. 20 21 Strengths and limitations To the best of our knowledge, this is the first study to evaluate the effectiveness of a national-level low-intensity counselling programme in patients with previously untreated MetS detected at population screening. Additionally, lowintensity interventions have rarely been conducted in a selected group of individuals with cardiovascular disease risk. 16 The modest improvements of this counselling programme on blood pressure and lipid profiles may have been observed partly because counselling was provided in patients with untreated MetS, not in a general or low-risk population. Our large study population was a clear strength because small improvements by the low-intensity counselling intervention programme were detected.
The interval between the first counselling session and the follow-up examination was less than 1 year (mean (SD), 234 (72) days). Since the intervention effects may change over time, 40 the effects after more than 1 year of low-intensity counselling should be investigated through further research. Our results may have limited generalisability to healthy people or people with MetS who already have been clinically treated for diabetes or hypertension, because this study examined people with MetS who had been untreated for diabetes or hypertension over the past 12 months before enrolment.
Implications of the study Some high-intensity interventions have been relatively established as improving intermediate health outcomes such as blood pressure, lipid profiles and fasting glucose as well as reducing body weight. However, restricted resources cause difficulties in efforts to implement even a medium-intensity intervention in community or primary care settings. 16 41 Evidence regarding the effectiveness of low-intensity programmes on intermediate outcomes has been lacking. 16 40 42 This study shows that low-intensity interventions may be effective on some intermediate health outcomes. However, the effects of this low-intensity telephone counselling were modest, and the clinical relevance of these small improvements needs to be further clarified.
In this study, 42.4% and 49.1% of screen-detected MetS by the NHIS criteria and modified NCEP criteria, respectively, was resolved 1 year after baseline in the eligible group. Previous studies reported that, in a group with minimal or no intervention, study participants who were enrolled based on one screening examination showed more resolution of MetS than those enrolled based on two or more examinations or clinical diagnosis.
12 41 43-45 These results could largely be due to the regression to the mean phenomenon. 28 46 When screening-based programmes for early detection and intervention of MetS are considered, the regression to the mean effect should be taken into account to explain anticipated changes between measurements and to evaluate the cost-effectiveness of these programmes.
When face-to-face programmes have limited reach due to distance, transportation and time constraints, telephone-delivered programmes may be useful to overcome those obstacles. 47 48 This study may provide evidence that counselling could be effectively delivered by telephone. Moreover, since around 40% of the telephone counsellors were administrative staff, and even the health staff performing telephone counselling at the NHIS lacked real-world clinical experience compared to their counterparts at clinics, this study may suggest that counselling could be effectively delivered by educators without clinical training. 49 Further research is required to confirm these findings.
CONCLUSION
The present study provides evidence that low-intensity telephone counselling could yield improvements on blood pressure, lipid profiles, weight and BMI as well as decrease the prevalence of the MetS in the following year in patients with untreated MetS detected by population screening. However, improvements may be modest, and the clinical relevance of these small improvements may be limited. Moreover, the regression to the mean phenomenon could have caused a large proportion of MetS detected at the general population screening to be spontaneously resolved. These findings suggest that, even if low-intensity interventions modestly improve intermediate health outcomes, the cost-effectiveness of systematic screening and intervention programmes among general populations for MetS needs to be further evaluated.
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